BACKGROUND: Evidence is emerging that prudent/healthy dietary patterns might be associated with a reduced risk of breast cancer. METHODS: Using data from the prospective Melbourne Collaborative Cohort Study, we applied principal factor analysis to 124 foods and beverages to identify dietary patterns and estimated their association with breast cancer risk overall and by tumour characteristics using Cox regression. RESULTS: During an average of 14.1 years of follow-up of 20 967 women participants, 815 invasive breast cancers were diagnosed. Among the four dietary factors that we identified, only that characterised by high consumption of fruit and salad was associated with a reduced risk, with stronger associations observed for tumours not expressing oestrogen (ER) and progesterone receptors (PR). Compared with women in the lowest quintile of the factor score, the hazard ratio for women in the highest quintile was 0.92 (95% confidence interval (CI) ¼ 0.70 -1.21; test for trend, P ¼ 0.5) for ER-positive or PR-positive tumours and 0.48 (95% CI ¼ 0.26 -0.86; test for trend, P ¼ 0.002) for ER-negative and PR-negative tumours (test for homogeneity, P ¼ 0.01). CONCLUSION: Our study provides additional support for the hypothesis that a dietary pattern rich in fruit and salad might protect against invasive breast cancer and that the effect might be stronger for ER-and PR-negative tumours.
Most of the studies on the risk of breast cancer in relation to individual foods and nutrients have had inconsistent results (Michels et al, 2007) . Dietary pattern analysis is an increasingly common alternative approach for examining the relationship between diet and the risk of disease or biomarkers of disease (Newby and Tucker, 2004) . Factor analysis applied to dietary data produces a few patterns of dietary intake that represent underlying independent dimensions of food and nutrient consumption. The assessment of dietary patterns in this way overcomes limitations of the single food or nutrient approach (Newby and Tucker, 2004) . Two recent systematic literature reviews (Edefonti et al, 2009; Brennan et al, 2010) found consistent evidence that a 'prudent'/ 'healthy' dietary pattern was associated with a reduced risk of breast cancer.
Breast cancer, similar to most cancers, is heterogeneous in its pathology, natural history and response to treatment. Breast cancer differ, for example, with respect to oestrogen (ER) and progesterone receptor (PR) status; hormone receptor-positive cancers exhibiting better differentiated morphological appearance and stronger clinical response to hormonal treatment (Althuis et al, 2004) . There is evidence to suggest that risk factors (Colditz et al, 2004) , including food items Stripp et al, 2003; Suzuki et al, 2005; Zhang et al, 2005; Cho et al, 2006) and dietary patterns (Fung et al, 2005; Velie et al, 2005; Agurs-Collins et al, 2009 ) differ in their association by tumour receptor status.
Using data from the Melbourne Collaborative Cohort Study (MCCS), we analyze the effect of dietary patterns on breast cancer risk overall, by attained age during follow-up and by tumour characteristics, including tumour grade and ER and PR status.
MATERIALS AND METHODS
The MCCS is a prospective cohort study of 41 514 people (24 469 women) aged 27 -76 years at baseline (99.3% of whom were aged 40 -69), recruited in 1990 -1994 in the Melbourne metropolitan area. Subjects were recruited via the Electoral Rolls (registration to vote is compulsory in Australia), advertisements and community announcements in local media (e.g. television, radio and newspapers). The Cancer Council Victoria's Human Research Ethics Committee approved the study protocol. Subjects gave written consent to participate and for the investigators to obtain access to their medical records.
At baseline interview, questions were asked about conventional risk factors, such as reproductive history, hormone replacement therapy and oral contraceptive use, country of birth, alcohol consumption, physical activity, smoking habits and highest level of education. Subjects also completed a dietary questionnaire that included questions relating to dietary habits and a 121-item food frequency questionnaire (FFQ), specifically developed for the MCCS (Ireland et al, 1994) . Intake of energy was computed using Australian food composition tables (Lewis et al, 1995) , and included energy from the FFQ and energy from alcohol. Standard procedures were used to measure height and weight at baseline attendance for each participant (Lohman et al, 1988; MacInnis et al, 2004a ) from which body mass index (BMI) was calculated.
Women were excluded from the study if they did not complete the dietary questionnaire (N ¼ 11); reported extreme values of total energy intake (o1st percentile or 499th percentile) (N ¼ 488) or a history of angina, diabetes or heart disease before baseline as their diet might have changed in consequence (N ¼ 1421); had a confirmed diagnosis of invasive breast cancer before baseline (N ¼ 415); or had missing values in any of the potential confounders (N ¼ 1167). These exclusions left 20 967 women eligible for these analyses.
Cases included women with a first diagnosis of adenocarcinoma of the breast (International Classification of Diseases for Oncology, 3rd edition, 10th revision rubric C50.0 -C50.9) during follow-up until 31 December 2007. Cases were ascertained by record linkage to the population-based Victorian Cancer Registry (VCR), which covers the state in which the cohort resides, and to the National Cancer Statistics Clearing House, which holds cancer incidence data from all Australian states. Women with in situ breast cancer were not counted as cases. Addresses and vital status of all subjects were determined by record linkage to Electoral Rolls, Victorian death records, the National Death Index, from electronic phone books and from responses to mailed questionnaires and newsletters.
The medical records of women with breast cancer were reviewed and their cancers classified according to tumour grade and ER and PR status as recorded in histopathology reports held at the VCR. We repeated the measurement of ER and PR status for a subset of cases with archival tissue available (67% of all cases in the sample). The original diagnostic tumour slides for these cases were retrieved from pathology laboratories and reviewed by a single pathologist (CM) who assessed ER and PR status using immunohistochemistry techniques. The archival material was sectioned at four micron and placed on superfrost plus slides. A routine dewaxing procedure was followed by heat-induced epitope retrieval with either citrate buffer pH 6 or TRIS EDTA pH 8 using a DAKO (Carpinteria, CA, USA) Pascal pressure chamber. The following antibodies were used: ER (Labvision rabbit monoclonal SP1) at 1/250, PR (DAKO PGR636) at 1/1200. Immunoreaction was performed using a Lab Vision (Fremont, CA, USA) autostainer using Lab Vision HRP polymer detection system and DAKO DAB þ . The agreements between the ER and PR status assessed by immunohistochemistry and the values held by the VCR were 89 and 81%, respectively (for ER, k ¼ 0.71, Po0.001; for PR, k ¼ 0.62, Po0.001). Because of the good agreement between the ER and PR data, when archival tumour tissue was not available, ER and PR status was assigned according to the histopathology reports held at the VCR.
Statistical analysis
Factor analysis was performed on the 121 items from the FFQ, plus olive and vegetable oil and alcohol from wine (other alcoholic beverages were rarely consumed by women). For the 121 items, intake was measured as daily equivalent frequency, intake of oils was measured as ml per week, and alcohol as g per day. The principal factor method was used to extract factors, followed by orthogonal (varimax) rotation to assist in interpretation of the factors and to ensure that the factors were uncorrelated. Factors with Eigenvalues of 2 or greater were retained. Variables with factor loadings having absolute values of 0.2 or greater were used in interpreting the factors. For each rotated factor, scores were computed as the sum of products of the standardized observed variables multiplied by weights proportional to the factor loadings. Scores were categorized in quintiles.
Multivariate regression methods were used to calculate how much of the variance in factor scores was associated with country of birth, total energy intake and potential confounders.
Follow-up began at baseline and continued until diagnosis of breast cancer (N ¼ 815), diagnosis of unknown primary cases (N ¼ 49), death (N ¼ 1216), date left the area covered by the cancer registries (N ¼ 117) or 31 December 2007, whichever came first. Hazard ratios (HRs) were estimated using Cox regression with age as the time metric. Analyses were adjusted for potential confounders, including country of birth, total energy intake, age at menarche, duration of lactation, parity (parous vs nulliparous), oral contraceptive use (ever vs never), hormone replacement therapy (never, past and current users), menopausal status at baseline, level of education (some primary education, some secondary education and completed secondary education, degree or diploma), level of physical activity (none, low, medium and high; see MacInnis et al, 2004b for further detail), total alcohol intake (lifetime abstainers, ex-drinkers, 1 -19 g per day, 20 g per day or more), smoking and BMI. In order to account for the heterogeneity of the association with BMI by menopausal status, we treated BMI as an age-dependent variable, by splitting the data into two age groups (p55 and 455) and including an interaction between BMI (continuous) and age groups. We estimated separate HRs for the two follow-up age groups (p55 and 455), by fitting Cox models with the inclusion of a term for the interaction between factor scores and groups, and for each dietary factor score overall and by grade and hormone receptor status of the tumours. To test for heterogeneity in the HRs by grade (well vs moderately vs poorly differentiated), and ER and PR status (ERÀ vs ER þ ; PRÀ vs PR þ ; and ER þ or PR þ vs ERÀ and PRÀ), Cox's proportional regression models were fitted using a data duplication method (Lunn and McNeil, 1995) . For sensitivity analysis purposes, we repeated all analyses (i) including only women born in Australia/New Zealand/the United Kingdom, (ii) excluding the first two years of follow-up, (iii) censoring after 10 years of followup, (iv) using ER and PR measures from immunohistochemistry only or the VCR only. To address the possibility that differential reporting of alcohol intake according to dietary patterns biased the associations, the analysis of risk overall was stratified by alcohol drinking after excluding ex-drinkers.
Tests for linear trend were based on pseudo-continuous variables under the assumption that all subjects within each quintile of factor score had the same score, equal to the withinquintile median. Statistical analyses were performed using Stata 11.0 (Stata Corporation, College Station, TX, USA). Table 1 summarizes the baseline characteristics. In total, 79% of the women were born in Australia, New Zealand or in the United Kingdom and 21% in Italy or Greece. The mean age at baseline was 55 (range: 31 -76 years) years; 34% of the women were aged under 50 years, 17% between 50 and 55 years and 49% over 55 years. We identified 815 incident invasive breast cancer cases (813 were histopathologically verified) over an average of 14.1 years of follow-up between baseline attendance and 31 December 2007 for the eligible 20 967 women.
RESULTS
The mean age at diagnosis of cases was 63 years (range: 41 -85 years), 22% were diagnosed before age 55 years, 12% within the first 2 years of follow-up and 30% after 10 years. The status of ER or PR was known for 95% of the cases, of which 575 (74%) were ER þ and 202 (26%) ERÀ and 426 (55%) were PR þ and 349 (45%) PRÀ. There were 605 (78%) cases expressing ER or PR and 173 (22%) cases expressing neither ER nor PR. Information on grade was available for 741 (91%) cases, including 162 (22%) welldifferentiated, 333 (45%) moderately differentiated and 246 (33%) poorly differentiated tumors. Tumours not expressing hormone receptors had a higher grade than those expressing ER or PR (76% of the ERÀ and PRÀ tumours and 22% of the ER þ or PR þ tumours were poorly differentiated).
Four factors with eigenvalues greater than 2 were identified that explained 66% of the variance in all the food and beverage items. Rotated factor loadings for food items with an absolute value of 0.2 or greater for any factor are reported in Table 2 . The four factors were characterized as follows; (1) high intakes of vegetables, boiled rice, wholemeal bread, yoghurt, chicken, fish (not fried), potato cooked without fat, fruit salad, banana and pineapple, with low intakes of white bread; (2) high intakes of salad greens, cucumber and fruit; (3) high intakes of desserts, cheddar cheese, margarine, lamb, sausages, bacon, potato cooked without fat, green beans and peas, pumpkin, tea, chocolate, other confectionary, jam, honey and vegemite, with low intakes of olive oil, pasta or noodles, ricotta and feta cheese, beef or veal schnitzel, steamed fish, legume soup, tomato, salad vegetables, legumes, olives and figs; (4) high intakes of fried rice, white bread, pizza, savoury pastries, feta cheese, fried eggs and egg dishes, meats (fresh and processed), fried fish, pickled vegetables, potatoes cooked in fat and olives.
Correlations with energy intake were 0.36, 0.27, 0.35 and 0.44 for factors 1 -4, respectively (Table 3) . Factor 1 had a strong positive correlation with vegetable consumption (r ¼ 0.87), which indicates that higher intake of the diet pattern characterized by factor 1 is associated with higher intake of vegetables, and is labelled 'vegetable'. Factor 2 had a strong positive correlation with fruit (r ¼ 0.90); because it was also characterized by high consumption of salad green, it is labelled 'fruit and salad'. Factor 3 was positively correlated with cereals (r ¼ 0.36), dairy products (r ¼ 0.30), margarine (r ¼ 0.43) and potatoes (r ¼ 0.37) and negatively correlated with olive oil (r ¼ À0.43) and leafy green vegetables (r ¼ À0.37); because women born in Australia or New Zealand scored higher on this factor (Table 4) it is labelled 'traditional Australian'. Factor 4 was mainly positively correlated with red meat (r ¼ 0.75) and is labelled 'meat'.
Of all the variables listed in Table 1 , only country of birth, level of education and total energy intake explained more than 5% of the variance in any factor, with country of birth explaining between 5 and 34% of the total variance of the factors (Table 4) . Women born in Italy or Greece had higher scores for the 'fruit and salad' and 'meat' patterns and women born in Australia or New Zealand had higher scores for the traditional Australian pattern; level of education was positively associated with the 'vegetable' pattern and negatively associated with the 'meat' pattern.
Scores for the 'fruit and salad' pattern were inversely associated with breast cancer risk (HR for the highest vs the lowest quintile of the factor, 0.81; 95% confidence interval (CI): 0.63 -1.03; test for trend, P ¼ 0.03; Table 5 ). There was a marginal statistically significant association between the 'traditional Australian' pattern and breast cancer risk before the age of 55 years (Table 5) . No other dietary pattern was significantly associated with breast cancer risk (Table 5 ). There was no evidence of heterogeneity by attained age for the association between risk and any of the dietary patterns (Table 5) . Table 6 shows the association between the four dietary pattern scores and breast cancer risk by tumour ER and PR status. The 'fruit and salad' pattern score was inversely associated with the risk of ERnegative (HR for the highest vs the lowest quintile of the factor, 0.55; 95% CI: 0.32-0.93; test for trend, P ¼ 0.004; test for homogeneity P ¼ 0.03) and PR-negative breast cancer (HR for the highest vs the lowest quintile of the factor, 0.67; 95% CI: 0.46-0.98; test for trend, P ¼ 0.01; test for homogeneity P ¼ 0.08), whereas no association was observed for ER-positive or PR-positive cancers (Table 6 ). When cases were classified according to their ER and PR status combined, the HR for the highest vs lowest quintile of the 'fruit and salad' pattern were 0.92 (95% CI: 0.70-1.21; test for trend, P ¼ 0.5) for ER þ or PR þ tumours and 0.48 (95% CI: 0.26-0.86; test for trend, P ¼ 0.002) for ERÀ and PRÀ tumours (test for homogeneity by ER/PR, P ¼ 0.01). Scores for the 'fruit and salad' pattern were inversely associated with high-grade tumours, (HR for the highest vs the lowest quintile, 0.58; 95% CI: 0.36 -0.92; test for trend, P ¼ 0.001), whereas no association was observed for moderate or low-grade tumours (test for homogeneity by grade, P ¼ 0.02). None of the other three patterns showed heterogeneity by tumour grade (results not shown).
Similar results were obtained when the analyses were restricted to women born in Australia/New Zealand/the United Kingdom or when excluding the first 2 years of follow-up, or when censoring after 10 years of follow-up or when the analyses by tumour ER and PR status used the data from our own immunohistochemistry only or the data from histopathology reports held by the VCR only (not shown).
There was no evidence of heterogeneity of the association between dietary pattern and breast cancer risk by level of alcohol consumption (not shown).
DISCUSSION
Using data from a prospective cohort study of 20 967 women with an average follow up of 14 years we identified four dietary patterns The MCCS is a multicultural cohort that includes a high proportion of Southern European migrants in order to extend the range of lifestyle exposure, including diet. It has long and virtually complete follow-up of participants and has extensive data on potential confounding variables. Baseline diet was measured using an FFQ specifically designed to capture the variety of food consumption. To avoid making assumptions about food consumption patterns, we chose not to group the food items for the dietary factor analysis (Hodge et al, 2007) . This allowed us to identify four dietary patterns that together reflected the usual dietary intake of our population. The factors were correlated with, but not synonymous with country of birth, as shown by the relatively low proportion of the variance in factors' scores explained by country of birth, and by the fact that all associations with dietary patterns were confirmed when restricting the analysis to women born in Australian, New Zealand and the United Kingdom. Ascertainment of cases through linkage with the VCR provided us with accurate information about grade and hormone receptor status for a high proportion of the tumours. We found good agreement between the ER and PR status of the tumours recorded on histopathology reports held by the VCR and those obtained from immunohistochemical anlaysis of archival tissue using a standardised protocol.
Excluding the first 2 years of follow-up did not change the results, suggesting that changes in diet due to preclinical lesions are unlikely to have contributed to the observed associations.
A limitation of this study is the single measure of diet. Diet was recorded only once at baseline using a FFQ that only showed a fair to moderate agreement for foods when administered on two occasions 12 months apart (Hodge et al, 2007) . We cannot exclude that random error in measuring dietary intake and dietary change during follow-up might have attenuated any association between dietary patterns and breast cancer risk. Our data do not provide evidence of heterogeneity of the associations by alcohol intake. This suggests that it is unlikely that the observed associations are due to differential reporting of alcohol consumption in the different categories of dietary pattern. However, we cannot exclude that the positive finding are due to residual confounding or to the chance given the number of comparisons we performed.
The association between fruit and vegetables and breast cancer is biologically plausible because of their high contents of potentially anticarcinogenic compounds (Collins, 2005) , but epidemiological studies of individual foods or of food groups indicate that high intakes of fruit or vegetables have a limited or no major effect on breast cancer incidence (Smith-Warner et al, 2001b; IARC, 2003; Willett, 2005; van Gils et al, 2005; AICR, 2007) . On the other hand, the literature on dietary patterns and breast cancer risk suggests that a diet characterized by food with high fat and high sugar content (western dietary pattern) is associated with an increased risk of breast caner, whereas a diet characterized by vegetables, fruit, fish and white meat (prudent dietary pattern) is associated with a reduced risk (Edefonti et al, 2009; Brennan et al, 2010) . Between the two 'prudent' patterns we identified, one characterized by high intake of vegetables and the other by high intake of fruits and salad, only the latter was associated with reduced breast cancer risk. Fruit and vegetables both contain high levels of nutrients with antioxidant properties, such as carotenoids and vitamins (Steinmetz and Potter, 1991) . Some of these nutrients are destroyed by cooking, such as oxygenated carotenoids (e.g., lutein), the predominant carotenoid of green leafy vegetables (spinach, broccoli, Brussels sprouts and cabbage), water-soluble vitamin C, and folate (Steinmetz and Potter, 1991) and this might explain why we found a protective effect against aggressive breast cancers for the fruit and salad pattern, characterised by high intake of fruit and salad, but not for the vegetable pattern, characterised by high intake of vegetables that are usually consumed cooked. The evidence on the role of single vitamins in the risk of breast cancer is inconsistent (Zhang, 2004) , but there is some evidence suggesting a role of multivitamin intake in decreasing the risk of ER-negative cancers, which might be due to folate (Ishitani et al, 2008) . The Nurses' Health Study found an inverse association between total folate intake and ER-negative tumours, that could be explained by the role of folate in maintaining normal DNA methylation; aberrant DNA methylation might be associated with the loss of ER expression (Zhang et al, 2005) . In our study, we found that the inverse association between with the 'fruit and salad' pattern was stronger for ER-or PR-negative tumours. The literature reporting associations of risk with fruits and vegetables by hormonal receptor status is sparse and inconsistent Gaudet et al, 2004; Fung et al, 2005; Sant et al, 2007; Cui et al, 2008; Agurs-Collins et al, 2009 ). Similar to our finding, results from the Danish Diet, Cancer and Health cohort , the Nurse's Health study (Fung et al, 2005) and the Black Women's Health Study (Agurs-Collins al, 2009) suggest that a prudent diet and higher intakes of fruits and vegetables might protect against ER-negative tumours, but not against ER-positive tumours. In the ORDET study, the salad and oil pattern was particularly associated with HER-2-positive cancers (Sant et al, 2007) and HER-2 over-expression is associated with more aggressive and ER-negative cancers. It has been suggested that for breast cancers that are less dependent on hormones, such as ERÀ and PRÀ breast cancers, the protective effect of phytochemicals present in fruit and vegetables on many cellular functions may be fully expressed, whereas for ER þ and PR þ cancers it can be overridden by hormonal factors Fung et al, 2005) . More aggressive breast cancers, and tumours not expressing ER or PR receptors only represent a small proportion of all breast tumours and epidemiological studies considering breast cancer as a single homogeneous disease might have failed to detect any effect due to the inclusion of a small number of aggressive tumours not expressing hormone receptors. We did not find significant evidence of an association with the other two dietary patterns that we identified, the meat pattern, correlated with high consumption of meat, and the traditional Australian pattern, correlated with high consumption of dairy products and margarine. Studies of dietary fat intake and risk have been inconsistent (Howe et al, 1990; Hunter et al, 1996; Smith-Warner et al, 2001a; Boyd et al, 2003; Cho et al, 2003; Thiebaut et al, 2007) . Evidence from the Nurse's Health Study II also suggest that higher red meat intake may be a risk factor for premenopausal ER þ /PR þ breast cancer (Cho et al, 2006) . We had too few data to perform the analysis by age and hormone receptor status.
Our analysis supports the hypothesis that a dietary pattern characterized by high intake of fruit and salad is associated with a slightly lower risk of breast cancer and for hormone receptor-negative breast cancer in particular. Breast cancer is a heterogeneous disease and we have provided additional evidence that risk factors might differ in their relationship to cancer subtypes.
